2017 | 03

J_]I? NEWS LETTER ﬁz

i - iz i
- 7», 75)

x,

Living in Space

Normal muscle

v

-



RIEICONT

£ 2017 FEE 1 ELGRE (B -

MFRER) BMEDEKEEE (p16)
AL/ TRHEICEES BRI VYRIY
L (—1E8E) OiF (p15)
AL EBEFRRERN - BR1 (p31)
ERT/EFHAERERBMN - lR2 (p31)
BHFT/ HOEFDOREETE (RX) |5
MLREAYN—DEEEE (p18)
T FEHEFAOE FEEIAIED
&EE (p3)

P CONTENTS

P SEIHARTEIRLNE D oerveereeeee et 02
[ 7= T 03
[ - 07
P AR REREE woveeeeeeeere et 15
St oo T 19
P ETFEFIRELLLY oveerverrereeree et 31
D ST « MREEIRED cooverrerre e 33



o AT AR i EE S
| SHEHICHT=D

THAITEIF. BEEAROG/IBAERLET,

ERD DFERITLE CHDRIETA 23 F. 5 HBFOFEBE CEBENA b L AZREBRLE Lz, T
TUIBIZ IXESHIC K2 BHRHDER. AR 7 MNCEPBEER. HHEBRICK 4R RADRFAE.
FEBEGHREIE <. WEMI XV, T4, [TNSIEAERNICERT 520D TIE ? # ECHEEET &
BHZDTIE? | LOBVD S, HENZTEEARIUEL DBVSBHICEVE LT, FETCEBT S
EMFRI R - AL ADBEBEZTNSOERE - Bz B1EL. FNICRAOESEL - X F L A%t
ROTRICDEIF TV ZOFEL. FFMBHARF — LOBRERBELE Lic. M2 EED SR
UNERSSNe. FFMEEAR [FHEH SO G LntlEREORSNIERE | B | FH
ICEED) 1. T 28 FED S LB 28 IDMFEZMNA. 3FBEKRZILOELTVET,

OB #IERRFE. TV IFTI—T 127 FENOOFEFERER. FEROBREBER (7
O—XF) OB, FaL 29 F 3 BIciEE 1 BERR> >R U L4 lnternational Symposium on Living in
Space 2017] ZRafE L. 1 LUOBAZRMEEIRITROZER%E L CE X Lz, MZRE Cld. RBEFGE S TIEORF
TRERIEHESS C b SRS EISHIERE P S A/NLROATENEBZFIA LR, SoIcidFe
TRV NE S + METHREHERRRS > A 7 LOBFEGZ £ A GHAREOEFLED TEE Lz, T,
EFDREREEE. EFORTEDESRE. BRRGLEEZBLTEFAREDOR Y N T—UZILIF T,
ZDBRICENEANTVET,

FEOSEMEMBT 2 LICL>T THVFNTBT LTV SHERRIBICHD S NI Ltk
RRETED] LEZATVEY, EHICHRBEE T, FHEREZERE LILEMBEREOHIFE ) XD
PHEBEFRIELET, COFEICKY . FTHICEZZLL2FBRRT D EEEIT. ERDEREFIEIC
L 2HEN. FIRERCERSBANDOFE, BERIER L X EEES. MEHRHRIE < DRE. 51
ZNE5DEENEESHEZBAL. Bt - A b L ARKOFRRLROGEERED < UNEEE LIZL
TY, &olc. EFZBAL. BEEDEZFCHRZBRELET,

TR 3042 85

SR

EUFRERAA Az R
FRERImRE o ES




> i B @

HEXZDORETSE FRANMEEODATENREICONT

A03-2 FARIRE & B— (BFKFEFBHIEFRFHEFSEH)

OEEHMRE MEE (AARFEFHBHEFRFEFDH)

> EFREOCATIENRELIR

t MBEOATENREIL. MENEERT BBRICEEDOFOL SHMAIICAL > TE DR ONZ L MAFRE Y. RABENRR
ICE MEEBEEE AT L ZTRRET2EECTY, TORELIEHE < 200 FLLERIH SERAGHIZE. HmRDAE. /0w b OEMEHE-
M FERAEINTOE TN ENDLE MIRIFTREIIKRIASH LG50 TUVEVRHE  IREDRAGHRNMED SN TVET,
EBOREHIE. HEREDES (16 :1898m/sec) ) & TEBRICLVELCZROI) EERLIEAEE LAETRRENINE M
TERLE Y., BONDIFRT 2FMERET S Lk TEEELAHRDERFEZRE T 2 ENPIRETI A BEKFEDR
BIZ MVAROANTIENEBEFEL,SEAA (+GzAR) DEIREZRET S5 EZBHNELTVET,

PFHEFANDOE FAEOATIENAREDKH

FEBLICH SRR GAFDOEUSFEBTRFEORERFICE > TRI2EEZIOSNTE Y. TOFERTE LTEEN Guh
£7) BRAOBBEHNFTONE T, TDRH. FHESETICERRICRET 2 &N\ FEFEICH ORLBAGFOZ DT -
BRICBER CIIREVDEEZSNTVE T, COFEBTROERE\DBEZARECT 500 MAROATEIEE T,

INE TITHRRBRAEDMTON TOETH. FEBEICH S AMEDZIED T - ERICEREE X SNSENERORE PR
ETDOVWTIItRL GaEmD D Y. EEL TV EEA, L LEDS, FENDEEDERPREFOREZE A DL, HRR TIEKX
ADEODANTENEBZ RS T EIKEEDN— FILD B 5t ETIENEDROANTENEEE BV HEERIRY 5. 14
IFRRSEOED SN TVE T,

=" [Olggth

_ _,l ,,,Tlr‘ (+1 5G2)

-

AX 1 BAKRZE FRNESEOATIENEE

PEHFEXRFE FBNEEODATIENEEICONT
AAKRSE MRISEOATENEE (M1) X B ERERAT CEREBRR) ORkSLIERRAHE 17 m DRETHY,
AL SBHTH 30 FAMBBLTLE T, BBITECTHREMR. L ELBHR THRAGERIEELTVET,
ALBIEE FHTY FSNOBTICER LIRETEE LE T, [2138BE LH5Hey T - T, WHEHEEET 21 [
RED 2 TR IR TR LIDEOIAE CE T, 3B BN 53 T—< T, B IREIHC & BIRENICE Y T
Y RSIEREED S TEEET. ZOB. ERECSBE0ONEHIREOEN (+H106) DARMAYT MUK, T FSROBBED



00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

ENSRBABMNDENE LTERLE T, AEE T 56z DRFEZEFELISELIEFE. FEZBHH 24 B 25 LICLoT
H12G DRONEREETEF T, +112GC OROSIEHIK EDEST+1.0 G DERNT MLELTHS G AT RSADHEEREDEL BB
FRIAERLE Y, <O H5GCRECIE. EED 15 BTG TRERCTHY, F2 HF2EIChHBED 15 B0 ELTIE T,

: (\V Im/sec) )2

A (m/sec?) = _ﬁ'["n'ﬁ_

B R )| BN ELDERECHU
1.7m / N JSELWDDREY

J/ EE VY (m/sec
: /‘ 24.3rpm = 4.324m/sec

WD A lmi'sec?)

10897m/sec? = 1,12G / EDI 58 [ 2
Afl2 BEEIDSALS T X AKI3 EEEBHSREY 1T
(BfbI +1.5Gz BFEDOLD) (Bl +1.5Gz BREEOLD)

FEBICIIRABERKEZHBHT S ENT
T BEhEAEBRZNADNSEZ2— LR
FLICD T BT ENFIRECT, JWEIE. —MRAVE
DBRPIMEZHAT HHERICNZ. BIOEH

ICIEZFHRIT 21 MOMmREZHAT 3
Heas EREH L TCERZIT > CVET, RBRH
DAY FSADEEREDRFIIE4 DL STHED
TVWET,

P> HAEKXKFE TOEFEDHIERRDEIE

EOSEAANDEIN 158 #1562 LEBEE Gl MOMRMETN L TWAT EAMERENE Lz, Fleo OO
ETERD e DFEMERENBIN TV D T EHBEERENE LTz, (wasakietal. ) Appl Physiol. 2012)

BEOLRAANDENN15E +H1562) LEARF T MEEHRFLE D &T2BEEEOEBELNHEEL TV ST EHMHERE
NE L7z, (Yanagidaetal Auton Neurosci Basic Clin. 2014)

ErERAGENREICEE LLECA. BRETHIENHDAECENEGEZIEE, MOMMRMETT 5T EHHERENE LT
(Ogawa et al. Environ Health Prev Med. 2016)

484 Y FSROKT Gz EE LR
EEMEE x () RIFEHRIIER
< DBRET (DEBRIFH - BRiEE0)
-V Ty bIEE (ME)
< ERUMAEST GERTIE - EARERA)
cINIWAF F2 A =R — (RIEEHARIELZRRIFNE)
AT A== (TR ZBICRFEE - RS
- IREEE NS IMFRET (AMIRERE - FoliKEH)
SEFNDIE (BFMREERRIFE)

P FANMNEODAIENEEZRAVLSEROMRIBE

FARY 29 FRE & W GIFRNA D H MR A EE L. FHEEMD DBEEANMADTHIEA S L CABPTIREERAFEDE M D
WCFHIEED TWE T, e FEICEES ] BB E LTIUEAR  YIEHE (A02-3) DXNEY 555 MEEERE (VFT)
EZBMNRS (functional near infra-red spectrograph) 1< K2 BITBEEMSBERHMIAAEH SO ERBRRAE . HADRET HFBEE N TS
MOREHC L ARMIFEHEERE L. b MESROATE B Z BUcERZ1T D b DR Z 18D TWOE T,




> i B @

IREEE LUT-RAIMNEN + S ERRES R T L

A03-2 AR RE EIREBA (HEXY - BENFREFMRELY2—)

QEEMRE HEBF EEAT - KRRFEHAREE)
HHHEEE GEXRY - ENFREFHRLY2-)

> i U RRIRIR

FEHEEIL. ORBHODRFR. OBHERFEICE > THRHEENIRIFER. OMEREISICHE SN FRE L. REDR
R REHEHEON (ERE - EREXTREY IV TV S, 1SS
TAUZMEHREISH LD 100 BT MIVEBTIEMR FHKEHEIEE ar

DEBIH S EOBHRTRENS, FENABRATA - BHFRESCHALGER  ORATER s
BEARRAE DL, HEMBO GRS RT Haies Dol - EREERMBMEL o =

- NEDEDESRE
BB, BIIATHEL . WIEKHKEZBZORFE CIE 55

BT RORRENET, BONETOESHEL. ch
FTDI Yy a VB EICHAPERBEOFIE) A7 HhE< Ik
U PR DA OB B BTN T B, &
Sie. PEEBEHNENEETHY . BB TIEMLED
o meRERCRS sowcaimstons . 1ego
BYAETROONCES T odIcld. FHBEHEDHES ROXE~DFERS TAIHTFHOFSHMR S | 1SvVIE 136 ©
. MR REAENRALOBSPEETSOCTBIL o o 1 Svi2e %
T URSEIE L BHET 5T & HBEDRETCH 5,

LAUEARS, %< OFEEE AR i) EADREBEBNTE A, FEERE N SHEOL L, BRRH RS
LD, FEGEASOOHBIRCHS, ZCT. LR BT 520 27 AOMRIEELRENTEL,

P REUUHNES + IRGHREIRAE S X T L

BRI FHEBICRENEMNEN S BGHRE DIRERTEZRANZIIE LT RO NES + METHREIERRST >
AT L) D3R, AFFM TR (1. 2, BN ENREREIL. 307 1) /X2y MEB (W28cm X D28cm X H35cm) &
We BRY 2 28ICKY 3 XTEEE € CENAMEEGIICEL X6 E/#  YH7BE/F) THE5T LT BHEHEAD
BERIAERITAEICENREE T v )l Ui, o MEHROERE 0.2 B CRAEIRIRE A mRY v v 2 —=FL. 3DV /X
2y bDEERE I —DESH S, 1 DEIHERERDKFAIE LTcd EDH X FRARBS T 52 L ARR L 1), THEFEALT
W% X HFBEEHEE  (MultiRad225. Faxitron Bioptics, LLC, AZ, USA) [ZEEFEYC 200 KV, 14.6 mA. 0.3 mm 7 )L= T 1 JLZ—DZEHT
BB, TOEBIIERARDD. BEHHREBNEESRLFEBROTHEIIHLELL, FVICHERFIE. ERDOKE TH—DEN TR
BEEBEALTHY. CTOBNTIFILESE (RER 290 MeV/n, 50 keV/um) & KUMIREIRARRST > A 7 L& #EEE 2 T LTk,
REAFERARRSTS X 7 LR L 2, EMRERE L CAIC 2 BRI TRICERT 2T EDPIRECH 2D, WRE LT 16 REDE
BEDLIERL, 3DV /A2y FEEbic BENHDE—MHITUEN TS Y. (ZFE UIFERTIERR X 25 KUEN FHRIRTAI6E
IR & MR Lz, BBHIEREAT Scm X 10em THHBDOKREITHESE T 5, IRE. MY AT LEEATD 1 FREDFEPAEAD
QEHITEDFEHEE CRESN TV DRIREED 1 Gy 28 30 DREITRET 5 LN TES, TXRICKY. 2HIHEVREDIRETH ]
BECH B, BET > TIVELTL BHEMIEZEEL THY . FHER CERBEDOHLBEIEERR DCC Fv >/ \—7% 2{@t v hETsE

HRATF

ILT ~MEMeV BULET

(HENEIRLEF—) g @nT

AHEB —> HENT
L 53

(L ILE—)

OABHFR




THY . TOF v 2 I\—DFHFRIARICEDETEIREZFR e, CO, 4 VFAN—ZATHAICELEDS T NVFIZEALST
ETERNDE—GMEE S RENREEGHLEIR L, [T ARAMZERDSD. 96 7T L— h TLRITAIREEERE DrFR
ETITHCND, GH. BEGOMAEEIL 1.0kg THD, Mo/ - MG EZaillE T EERREEE A TS,

X2 BLHUNES + REHREEAR S X 7 L

A XAREIERBRST S X T Ls. RRIEERY ¥ v 2 —
B, BN FHREIMAMRRH > AT L

INETDZ DOt ERERIF. BEHRIE 16 T BEFIRICT )/ A2y hTEEERDHENBLNONTE L, BEDZA I
TICE > TEHDER®. BEFEDESNGENT LLMETNTLS B, FEZEM CORRZER T 2 IIZFARF CORBEHRD S
NTCE 1 DHEIC02MED/ UVARFTHZ T L& FEEBICHNURERNB VG EDRELHDEDD, EYFHRNR
DEWVERFHE (—HF CHRINO > CEEG DNAYIZS [ERCY) ZEEICRIH TESR T MANSEEEN TS, XiR
BV AT LEBDETRIRT S5 LT BADBRLIEBN. 7oV b 74 —LE LTREROWRERMEE L2 EICHST
BT EERFFL TV D,

FYRT LOFERZERLEZINDHEIE. L EHEAROZN A TV T ETRBFIREE G5, IR BKRH B T5130)\
EFBOBREEVTEERL, TNETITFHERE A03-1 BRI (ER) HXUREHE A03 PR F54 (RIAS) (BO1 i £ CR
) SAFRE D). S5l ERANDIMERE L5t 5 HERZR-A TS, 9Tl FEE 9 BICHNEAAZHERE LTcgs B (Preview
A &M University) &ld, AEBZRWT Y TIVEME L, D1 BITSEEMRREDBHEATZEMREICBIRE L T, ERFR
=EEL. BRI IOV,

. __________________________________________________________________________________________________________________N

AEEBORIFIC Yoo Tl BEIDERME T ISRN-2016-Nagasaki [Scientific Dream Award | #2895 QN TE, MHEBFORAER
XEFY EoIL. FEEMNFRE 31 AR CEMEEZTET 5T EHE, A2 DIEEOREBHISTE GRALAF). A01-1 5
BE (RE. A AR O)INEEE (EEAS) 1T7 FN\ARAWREE Lz, TOBaEY TEILEREL EIFET,

EN T FEREREICE VIFVRLRNE M EGERBEHRR S X7 LOREL T IHESN TS B 4. el L. Bl ER
&G DEME T IRES LORGRBZ —HELE 2 T EHH LV, IRERAGHBAMDZIEDS & REAFBEHRE Rt 2 —
DIEARERIBE R Z A L CEBRFEICEHEA TV 2, 5% BPAE TOEENEBEHEDESHEZANDSHITIE. ERF
BHAT—Y 3V COROEAEYSEEREE CBEF DAOENXZFIAT 50\ EHRIC. ACAETERT S EMUEITE>TLSBT

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

1) lkeda H, et al. Biol Sci Space, 30:8-16, 2016. 2) lkeda H, et al. Life Sci Space Res, 12:51-60, 2017.
3) Moreno-Villanueva M, et al. NPJ Microgravity, 3:14, 2017. 4) Pereda-Loth V, et al. Life Sci Space Res, 16:38-46, 2018.




} AR / B EHROFERZICK T SMHGE

A01 REHARIAR RAEE (BBNKT EFERERIREFRE)

S

Acute transcriptional up-regulation specific to osteoblasts/osteoclasts in medaka fish immediately after exposure to
microgravity.

AFHEEFME / WEEROMNENRIEICH T SRS

Chatani M, Morimoto H, Takeyama K, Mantoku A, Tanigawa N, Kubota K, Suzuki H, Uchida S, Tanigaki F, Shirakawa M, Gusev O,
Sychev V, Takano Y, Itoh T, Kudo A.Sci Rep. 2016 Dec 22;6:39545.

PHEXDAR

BEMITBIEREBRINEZRVIRT Z ECEBEEMIT 5, HIRHE LICFRET 2ERFEAT — 3 VORIIHNENR
BCTHY., \DZZTHEETHEEENRDT DI EMREINTE Y. BHRBIOHERFICENNERCEDO>TLSEEZI SN
BOFREADZALIEDD 2 TWEWN, 197 OFRICEBENTAAA S TFETIE. FERITLTORFDILY U LRE
DRTEOMEBTER T2 EEZRELTE Y MNENERRICHEITT 22 E TRRNOBRE TRLAGEDELTWD T &
ETRY %,

e BIFFEMZEMRAERE UAXA) EOHBART, 4BEOEREEGT CHELLATIVI IV AT T2y I A
A 7 (osterix-DsRed/TRAP-GFP, osteocalcin-DsRed/TRAP-GFP, MMP9-DsRed/RANKL-GFP and TRAP-DsRed/cox2-GFP) #. i
e LTeldh Y DRETRHREY TILDOHRICAN, TEES ) BEAXRRE T8 BfEiRETZT o (K1), MO EFHMEIE
osterix. BHADBEIFMALIE osteocalcin, HEMAZIE TRAP. MMPO, BEEMAIEEEIL RANKL, R b L RISEIE cox2 &Y —H—
ELTEANTe, BELE LT FEAT—Y 3 VRICKRBENCREBEMBICAZADAScBSEZ LY Ll HEDSERE
FCEERZZTTV. A2 AD XYL UBRIZEHER L. BEETHRE L, F—AIKDHDNT 24 KREOHR%Z 8 AT o/
ZTORER. BEENT 5BFHBCRENICRIRT 2HADY T IVH. MUNENRBICEINL 1 BELOSARECLERL.
8 HEZORIBLADHIT SN, Ffe. BZEITHRTHIWEMB CHENICHKIRT 2EDY I HIVH BUNESNICE
Thic4BR L6 BRTEANRONT

e BEFRRELNVOB(CEANSD O, AL DHHAaEBVNTERENREICEIN 2 BED RNA ZEIN L &R —7
VAEFTO R LIt LT A, BEEELFOMITH IS5 DDEEF. cfos, jun-B-like, pai-1, dditd, tsc22d3 DARIBIEFHIR
ERZEHSHICLT

W NEREICH T B EIMEEDIIAIGED—h% 5 A T A A —I > JIC K HHRAER BT RIETIC K > TORUIE (K 2),

431



pEEDIXAV

CORREIRRIERF THBERINMMREBOLFERR T2 0 1 4FICRBENE Lz, B8, VI1—-XFHEMIITL
PO SEBFEAT—YaVICRyF VI I2ETHN2HZELE TN EORRTHV IOV L AFEMITIT EFHS
OB T N> 79 % “Fast Track System” LW S F LWBEA BV SNefed. MUNENREICH T S0 MRS EER
ZHRFLELE (®3), —ELHEWTE LIF THEDHREHT I LIEBZETETIEDY FEAT LN ERLGRBRE
STV W T LICIBAEEZ I COBRICERHL TCVET, TL T FHICTHEDDH L LEOERWVEFRICHRAD L
FREHGVE Lfc, FRETALHIEREERICT 2 INDTEARELALTVET,

Ground

\m.ﬂ Day1 b

optical image

ogherix

AX 2 R ———

e asters

o =

P s .
f=

s "

00

o

o
£ om

]
Coservason day

(a-d) Whole-body imaging of the osterix-DsRed transgenic line. The left-side images show the same ground control at day 1; and the right-side images, the same flight
medaka at day 1. Arrows peint to the head and fin region. All images show ventral views. Scale bars=1mm. (a,b} Montage images were made from 6 captured optical
images, divided by dotted lines. (c,d) The white region shows an osterix-DsRed fluorescent signal. Embedded views show the enlarged head region. (e) The
fluorescent intensity from day 1 to day 7 of observation day constantly increased in the flight group. {f-h) The representative visualizing data for osterix-DsRed/TRAP-
GFP in flight group. All images show ventral views in head region. (i-l)The merged images were captured by 3D views for osterix-DsRed and TRAP-GFP in the
pharyngeal bone region of the double transgenic line. {i,k) The pharyngeal bone region in the ground contral (i} and the flight (k) group at day 4. Ip, lower pharyngeal
bone; ¢, cleithrum, Scale bars=20pm, (L) Images for TRAP-GFP in the pharyngeal bone region of “i* and k", respectively, GFP signals identify osteaclasts (OC).

Chatani M, et al., Sci Rep 2016
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3 o3 oss (BF [EE BE EUASEATEAS EFERR BE he Swedish Universty of Agriculural H29.4/19-4/25
3 (#Y . -~ . ETAFEANFERFAFR AR . The Swedish University of Agricultural
4 |A023 (ulesEE)  |&F Andrea Christina Sylvia oo BLFE1E Sciences H29.4/19-4/25
N - FEARFE VAIVR - ERERZH . (D Harverd University Biolabs 4007
5 |A01-3 GERED |EF T BT R B RESEEAT BHRHER @ IN Biosciences LLC H29.6/13-7/1
36 70 e FEAY TAIVR - ERENEH (@ University Zurich, Switzerland y
6 A01-3 GERED)  |BfR%E R ZTF o E2eid 2 Institut Pasteur, Frrance H29.8/14-8/25
. . REAFE VAIVR - EREREH [ RBAF KL Fred Hutchinson Cancer Research Center. .
7 A01-3 GBREE) | &F H# R e R SR 2 & Seattle, H29.11/20-12/10
(D Prairie View A&M University,
» e A BEAY ARHHARME S, (2) NASA Johnson Space Center g
8 (A03-2 (EMD BT R BT BNSRS bU— (Dr.Held 57K) FRA (3) 2018 NASA Human Research Program H30.1.15-31
Investigator's Workshop,
n " (D University of lllinois at Chicago
FRey Sz AN A FTT O L
9 |A01-1 (REEEE) [BF L BB @”"’f*"*ﬁgg%ﬁmﬁ’”ﬂ B (2 Woods Hole Oceanographic Institution | H30.2/10-2/24
YRT LEBY = P . N
(3 Stanford University, Biophysical Society
A A T s A 00 A T @ University of lllinois at Chicago
10 |aot2 E  |EE |mmEn ELAFAPREERFRERAN o /3 @ Woods Hole Oceanographic Institution | H30.2/10-2/24
PSS P . N
(3 Stanford University, Biophysical Society
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M Pk 28 4E 12 H 17TH ~ “FK294 1) 4 H

Ot AR 56 ENTHIZIREE A SRR

4B E NEEN KEIAS MINILKE AR

TRg2 8F 12817 H~Fa2 9F 1 A4 H. KEIOZ MMNIITARFOIEEICEIEZ KL D= ICIRE L.
shFibReE (HIMAC) Z U B Z EhE L o,

F v A Z— R\ X2 —IIERAROMBINK CHO (&> v — L D ETHEET S & 1 EDMBHIRECRASKEED
IO-—ICE Y %, CNZEA DT LI K EHIPBEHEICT T SFFLEMI DD EFEL RO SN D, CHO
H5iR4E L1z 3 DO DNAEERRIBZERK. V3,51D1, PADRI I&Z 1171 DNA-PKcs, Rad51, PARP1 Oi&E M Rt L.
151 DNA-PKcs (FFEMEEIEA R A Rinfa S E18. Rad5 1 |FAEEREH R ZIERITH DD U TN 5 DRIBMKIE > AR
XARDOmEICH L TEWVERE (DR Y. BREENK) £h6b, SEIE. BIR/VF—EBNTROEZELHE
T HHIT. BETCEANICEREINTWVWAREA T ViIE. FHCEEREBED X7 NMNERENSEIRIVF—H
FHRDBNCERA A > 487% £50 DNABIERIBIRICERET L iERDEWVD S EDEERD BN FHRCEENFANE (T
B), EFERE CHOT0B2 (A Y RIRICHANTENFRE (KRR #5) (T 153 BOREMEER LI, V3 #llalEa> iR
ICE 2 EERZMTHAHD. BN FENDRZEEEONE W15 BIEE CHoTe, 5101 M3 > AR EIE
FRE V3 OFRERE CH o fcDIcH L. BRFRRICITRAK 2.5 BOKRETZRZMZ LH LIz, £z PADRI fiid
DAYV APERZIEETENRE (ZEEREC. BRUTHRICT T 2RZHEOBINEFEMKICLEER T 2N ED o, T
NSDERD 5. IEABREIEHIEZ KRG SEEIT T > IRE BN TFROWTNICELEE CH 5, HERBHRZIEE
TRV ARICEE CTH AN BNFHED DNABBIEERICITE CICEETH S, —F PARP 1AV TR, EHL
FARDOmA CTNEFEFE TCIIGEVAIREENMERE N, SEAMEDRRZ § LHTmXDFERE N (Sunada
et al. Oncology Letters 13:4911-4916, 2017)




> EH B F E F 8 K £ ©

(A03-2) RAGIKRE., REXODFHBRHFKRDO A

8/ I
= 488

=)

M PR 2949 H 18 H ~ k2949 ) 25 H

OuiLs  SERE W\ Bes R T

4 B2 & : Megumi Hada K (Senior Research Scientist /Preview A & M University)

A03-2 BEIE. FEZEMICKENGHEHREMNENDEGREZRSMNCT S LZERIC. 3DT U /AR Y
MK 2EHRNEBZRRE L. BELTREENEEZ T ITHTNS, BEFEZANS LT, BHREDSIE
BHRDHSNTETe, £T CEE LIZDD SEIDBNBIEED Hada EHOREERE T 2REEEEHITEAM C
BB

Hada Ecld. 2004-2016 &£ ¢ NASA (Johnson Space Center) |CTE£S
LTHEY. REEREBETEMEZREL T, FERITTOFHEBEGHRE
WIE< DY R TFHAICREBEIN T Eee FERITEEICNNY IS
FORZST & FERITHEICKT L CEABARRERNTE L0
D. IENTRERERERD SHEE SN ARBAREEREMNT LE—
BLGWTEARH L TER, &EE. NASA DS DRFZESIRICE .
FEHBGHRICE TN 2L GHREHIREDOREREZEZ CRGRS LTt
LEDRBHREEEMBIT LT, SHEETIVTCERT ST EAEIBL TV S, MEREMUANDHEL LT, MNES
L DEGFRENBANEVDICOVWTEKEZE D THEON AEDBRXN—B L CSEIEFEMZERT 2T & & Lz (H
EEKIDREFEEH )o

9A 19 BIZ. HADZRT Hada KD INE TCOMEARICOWVNT 2 BEHECEEEVCCE. TDERILBRZIE
EHEBERICH LSRR ATT 212 98 20 BICIERED 3D 1) / A2y h K 2REBHEES KU FIRE
EREBEBFWNLEENS. REFORBAREEY > 7IVOIERIAEAREEN W0 e, E51c. 98 21 B~ 22
Bl NEDNARREZHEOCBAFHEHEMRFRE 31 EF K= T Chromosome aberrations induced by acute
and chronic dose rate GCR simulated exposure &N 2+ &L CTFEBWEEWE (BE 1), RFEMTARIEFF M F
BHICEED] LOHET, HEDHKEFEZBIMENTEY. BVERERVDIRET ST ENTER (BEE 2),
Ffe. 98 25 BT, MEHCD He & RFARDIREERSIC L HREBHREBRITRBOITEE ZIT o/,

SE. METERLIT Y TIVEBEL LIt A, RERT SICITREREANVRE. Ny I T35 BH
iz BEHRLEEERW\WT EABESHNTEY (BE 3). AEFAZEOREHNAWVICHRF CEfz, Hada KIZH
KICHT BFHEBEHFARDOHIBE LTDF—/3—V U ThHY . 5% EFMEEDBMERITELTEARLIC
AHESTWRIT2EDEEZ B,

Examples of chromosome images
Mormal Simple exchange Break Complex

il
%

Simple and complex exchanges
(whole genome equivalent)

® Complex
= Simple

Exchanges/100 cells
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omzitks BRIk Kskare

TR 29 FEITOBNDOMAEYIAZREIRICE T 5155 & HEZRI LT Dfcsd U ONEAZREZ 18R LT,
#5535 © Dr. Kasthuri Venkateswaran  (NASA Jet Propellant Laboratory). Dr. Chistophe Laseeur (33— /\FH
1B ESA ESTEC). Dr.Ralf Moeller( R -*/=8&F DLR). Dr.Stefan Leuko( R-Y=F 8T DLR). Dr.Kristina
Beblo-Vranesevic ( K+YF & DLR)
A03-01 #BFFHI & H[ECHEEE © Dr.Ralf Moeller, Dr. Stefan Leuko. Dr. Kristina Beblo-Vranesevic ( K-8/ DLR)
BB | KRABKRZBND/NVAZAY TS A FF v 2 /NR (KBr)
IHEEBNE | ARZBEMRSR. Dr. David Smith (NASA Ames Research Center) (NASA A& &R ) FREIAZEHIEE (2
H. & W Bk —& L I532) . 253 (BHIE XE). aEEEEE UAXA). BRs (R
HIE. DIEMZEE) ABFRLELE (RRAF « FRAF)

MAB158 (FLE—F12%)
AT EBAD S DIBEMZREATRLIC. 7YV T VADREHERE S L E1—DRENREFERE AR LT

1MB16H

Microbiology for space habitation X & LT, FRE
KF. —EDEAZRE. CHEMERREDLS [FHICE
EB1 BT HHEDORIIEHRZE T L. NASA D Dr.
Venkateswaran . Dr. Smith H 5 (& NASA HY ISS TR L
TV BMEMIZEOREN. ESA @ Dr. Lasseur h*5 & ESA
DHMEMARE KUZ A THR— b AT LOBNAHT
Hhiz,

1MAB17H

Radiation and human-microbe interaction ZE@& L C. A03-01 IRHIEE HE T, IBHIIDBERDIEHEEL S
HIMAC CTOBFZEAB. DLR @ Dr. Méller h S I&FEHERE CDE 7 /UREDZ BUNERZRDME . DLR @ Dr. Beblo-
Vranesevic B 5 (FFEHOBRRIRICE 1T 2 MEAZEDFBN. DLR @ Dr. Leuko B Sl FREES NZIRIE COMAE
MRS DOV TORBNDITON T,

1MA18H

HA. NASA. ESA{ DLR DHEIC DWW T DIFRIZ1TL. SEBOERAZEENEIC DL CEARRZZEROES L
foo REEDIT NASA ITHIREZE L CHEMARZRME T 2 RiAHr LB ofc, Elew STLE1—DHAEEED,
TELETEIND I L LB T

e [FHOBRIRED S EARDRBEEZ & <5 ). FHEELME. FHRORE
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#H B &  Ester M. HAMMOND ##% (MRC/CRUK Oxford Institute for Radiation Oncology, University of Oxford)

NVIZ— - FURY F—DFRIERIC, MRROREHRESEOREERIC I > TRGED T ENMEN TS, L LA
D5 EERNDZAREM NREDR T DNA BIEDOFEIEE SEEE. & 5ITdMEHRRE O IR CalEic 25 -
TLWBOHNE, FTRITHEBEEINTUEL, ADHZEYIL—F (A3 A £, HRLAGREOBEHRICE>TEL
% DNA BIEDIEE LBIEEDN MUNRED R ZFHEE CUMAICEZ2Dh\ TDERZBIE T 2RFIHA CH 5
DOHOERASMNT L. FEBEHEHIE < DNERICRIE T HEERERICE
e DT EHRBIRL THIZAED T %, BAHDHERAED TS
3[E Oxford AFED Hammond FEEDXRHITK Y. OFEBHHZEDERD
HEEnacsldb s LY. QEANA —HT A XT2EES VRI T
INCERDIG & EFRE & DRIRDIGERT BT & T BADHZED
S21ZT 4 —DEHEICEN D EEZ. REFEARIET S0l

2017 12 B 4 B~ 5 BITHRT IV - O— T+ VEE Chafe L e Ep
>R L (33rd  International Symposium of Radiation Biology Center, Kyoto Univ) ¢ Hammond ##2H°5 “Understanding
and exploiting the hypoxia-induced DNA damage response” & D2 A~ L CLFDOREAE CEEBLz (K1, 2). HEt
RITK>TELCT= DNA BEAEET BBRITIE. TAFI XTI LAY R=UVEE (dNTPs) DB & 755, TDEERE
> F#3R Ribonucleotide Reductase (RNR) (FEERESK M Cdp 2726, BERNFENME N9 2 K S HBIRIRE 65 K OMHEEA C\
aHalE LT dNTPs AMEEE N2 DI CH ofc, RIS DR IL—T1E RNROOAT 77 2—& L THEET 5
RRM2 EWSEREICER L. ZDRRM2b EWS 771V 7 4 — LHMEEEERERIE [ C6 RNR OSEMEMER T A28l
BEd 5T EEFE LTe (Foskolou etal. Mol Cell. 66:206-220.2017), & DEERIE. EESSE & W D 1IESHE R ¢ DNA 18(5&
ERIBDTEMEDMERF SN2 A D Z A L ZRA LIRS LT e, MUNRED R 2R CHIBEDBETHRRSZ D
HLE2BHEEET 2 EC. ASHFEEEDT.

12 B 6 BITlE. FEEE REAZHEHRENZE L 2 —(CHMZ L, EFMFEREEDT 1« AD v 3> ETR
R BERE R Tee HADME IO Y FOERDIHEST. BERABEFMEREDERICEWVNTERI T 1 Ti5%
ERBonfcTih s, FEEEEBARNBE LIEBRIEAED 2 EEZ S,

T DWGHSEEZ TREWE Lz " $iEMiBiEsize - FRICES 5 " Oh)| BAEsNER & EREEig O E S
ITREEHIER L EIFE T,
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B Pk 2848 H25 H ~ FK284iE9HI9H
LS et Wy ) ML G PN e e o)

FUHE LT, BEASORMNLRLET, L, FiEs (FHICEE2) OERHERRIELSIT
20164 8 8 25 BA5 98 9 BETT AU HAREITHIETNEREE Lir, SEDBSEL, HU T+
VT4 Id 8B25H~8831H),/\—Y=7MNrr—OvvE)l 8B31B~985H), 7OUXMEZ/\>— (9
B5B~9898) O3®HT, TNENDHHTERDT + Ay 3V EFTVE L, ZORBEDLEEL L
WEBLET,

HUFTATH, 235 FIBT—< | XYREAVEHBERSOBENTE (KE | BISS%D) 0%
£ LICAEE Lie, BAOHRE GEEZHE CENESEROREET>TOET, FEEREIESICAETDRE
WBETHY, EAEEOELTCIORESED>TLENET, SEOERTIE, K1 HEBEERT— 3 /08
15 LI ORI DR L T, D& > HEEFANERDIIBNZ S L TV B O IR
MICEND T EEBME LTVET., B, Y TILOREEF>THY, FEER, ERECEREENTESTE
LRVET,

Ty —OvYEILTIE, /N\—IZT7KEFED Dr.Patrice G. Guyenet
ORI LE LT, Fhid 2014 55 2016 00 2 465, Dr.
Guyenet DHIZRZETHE - iEREEE ((1 —2—HAY) OYGEEE (F
FRITRTAIR) BRI SRR IO AT > TNE L
feo Ste, BEORIICE, FESEEONSBORRLT>TOE
Ui B, BAVE, SEEROABROTRI COBECEDBEGS =
(DREADD) (DB ANBT EATERVAESAEEZ T e -

_ e N=IZTKRZEILT, £H5 3EBD
¥, SEDFE T, RANEZ T BERADAREMIC OV THEA Dr. Patrice G. Guyenet. 4 BEEE.

BRBFOMREEE T« ANy 3> EIN, ZLDEBELGIAY MaWeRER LT

ZZ)\—"TCl&, Z7AY ZMITAFED Dr. Michael Delp DRZEEZ 4R L% LTz, Dr.Delp l&t > 7« T THRERD
HEFERECHY, 16 LIFRGLHENREPERHBED S S GREICBESNCRIC, RS TROMERTHESEY
HEENED L SIS ZDOHEFANTNET, SEIDFHFHTIE, o7 ABHOFREMBITHA S ZDIELIAZRER
BALTCEREL, RO AR5 LIFRCNBENEDK DT T HDH EAN
BREEEETCVEEE L, £z, HAISHIRE—FARNERSFOMEEIT> TV
BT EDD, BO LIERFREE L AL HEERD CERVHZERRLE Lt A
DT AEERIT/N\) T — D EREL, FIRRZEDA > 7 IFENZ 7> LTWLTN
ZINZIIRRET LTz, FERITHTICL TV el2E £ Lz,

SEIDFEZECT, EFRmEECTTOHRRDEEEZ55# T 5 EDT
TE Lo TORBROIIREEN LT, TNHSDOFEMEDRRBICER CERSE
BOEY, REITEVELED, TOLIGEBLHRAEEZ T RESBHRED

ARICE L ERL EFET, URFITT, 1 BEH
Dr. Michael Delp. FRH\EZE,
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®uinize s YR TE— Lnkeshossi s mmsk

CDECIEFHFMBEE, FHICET 2| ERERAEIMREEDZEICKY. 77— ~UT7ED Institute of
Science and Technology (IST) (€ C#9 3 BRIz W HERZEERKEN LE Lz (2016 E9B 18H~10812H ),
SEIDBNRETlE. RBFEAZA hirame ZEEZ BT NE CORMEDHAERRZ ESICHRBEIESHH. /)
B@IEE BN A D/ INAF AT —HZEDE— ANE Td % Carl-Philipp Heisenberg &4 & OHFERIZE AT, £

ITHEMT A5 =RTDAREY DAHZRXLEZBSMNCT BT ENERDHBERNT LIz, LETH S Heisenberg &I
hirame ZEAED/IFHEITICEE L THRA BT R— FETBVWTE Y E LIeH. SEIDFHR Tld K Y B ERSRERRMNT
FEAECIREREITAF v ACEENETEERFVEDERY F L, NEBBEORENRE LTz FRAP (FtHE
BRENLEIE) BIFICHVTIE. SERREARARNDAC V7 4 A/ BHESEMSEAERATECEEE
Lfzo IERICZA MGRTT2—)VTIEH Y F LIchH. ZDHT FRAP T EZ B1E L RBICFAB B DOF CEHRE
EDETEITOITENTEDLDICE ST LidE. SEDHBTRIER/RADHRTT, D TEIEE in vivo B
BHEREMOBEMZH CRCHTEDNTEELS,

&7c. Heisenberg @ DMZEE CIIMEBOMEBRNBERRZIT O fcdIc. —D5/\> EXA R THFRIEE
BABRELTHY. TORFEICEIABEL N SNE LI, BADSTFE LY > TIVOEDAEZ BB LIzET
AL HARZEDAVN=DRBIERF TN EICRRE CREZEBLETHAL T NE LI, SEICS LR
CEZRRO A U CH el OBAMSRE SR & O BEGEARNME SN T L. TNHOSDIFEALICE D TKE
SREERAHERELTVET,

REIC. SEDBNREDHRZEZ TFEVWE Lic, &)IBRERE & COEBREESBEMDIE RGOS UICHE
BEDBARBIRICOOR VBB L EIFFET, AU OITEWE LT

g
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(A03) FEURVEEDfHDF /47874 A% ALz DNA HBERH
VAT LORE - FREBRFERBKIE N FI—H—L LTDOTAX 7 RAEDIRS—

OB : FIk2941 H24H ~ Fk2942H3H

ouicky PR k- soiermers

5Bl BftE TEREEARTINREE] OFEEA W EE. 201751 B ALV 10 BET A U AERE
DAERBEZERFE (US. Food and Drug Administration: FDA) &85 L TEW Y & L1z, FDA/Center for Drug
Evaluation and Research |T(FEE N KEEEMZFT (National Institutes of Health © NIH) |58 L T ULMERERD
BEELEZ BN THY . SEIDFHRS TH S Ashutosh Rao BEEE L NIH DF)b— 7 TR L TU e HEER
DHATY ., TNET Rao B &IE. BEHREMRED—DTH AHEREFEEFEF A H Z X AT DV THEE
HEDTEF LI, ZO LR, SEE. 7OXTREMEBRIHRE U X7 OB ESHET 54RO 17 A
FDA ITPREN. FEITTNETF v R E ERNGHREIMEBEZSE L&D eodlicahB L E Lz,

WERIE. Rao IREDHIRE & —HBICHREHRRERDOI Y |
REFIP L MERMIE AL TT OAT FISH E70, RBF h‘ :
SEPRELRIFEIC OV TR LE LTe, 7OXT FISHIE {77
ETCEYV Y TIVERBRGDOTIH. REEZTOAD [F] (T
BENBTENEZL UHNCBREDSZ2RELRT — 252155
DETHITHRLE Lz, < Onoy> T Tiges s [l .
DTHBEERKED Y T LD ERENT —2HES U '
CHTVETY, INK TOBEHRBIE < N\A A —H—F) > : s
Bk HOAX ICRES NS & 5 ICRBETH > Th DNAR(Ge)  Hy s 50
BEICHE > THEL T LRV, #IEX DRI ZRET ST EICRAND I E LIz, LH L. 7AXATERAEICES
BEHERIE < DFHEIE. FEFEEROBEHRE X7 Z FAT 2dDBERE/NAFX—H—& LTHFENET,

SEIDTEEICE ST, TAXTRATEICEZHEHEHIE AREDFHE. WV SHFLVEBRERMEOY 1Y b
HAL—RICAZ— P TCERTLIEEREVD Y T, CORIBEHREEZ TLIEEVE LIZEREEISIEIID
ERRICRSOH T THILRL EIFET,

: T —
"‘“"“fan.,," Man SEWICes
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oy /g Tr ok Keesirems

[FEHICETZ ] EREEAENRESEFAL . FHICBEDOAMENST. EaflF. EFMEIL— SO
TRES LI BRI T DR WEREX LD T, MESETCVEREET,

3 828, 29 Blc. KETFHAME 12— X b ZBAD Universities Space Research Association (USRA) (€T«
Microbiome B¢ (Study of the Impact of Long-Term Space Travel on the Astronauts’ Microbiome) @ Pl T& %
Hernan Lorenzi & B2 LE Lz, Microbiome E&IG BADHENAR Y IV —TE£EELTH Y. BAD
Myco Bf2E  (Mycological Evaluation of Crew Exposure to ISS Ambient Air) [ZDWTHRBN Lic ET. 70 ha—/b%
. SBOMERBIGEICODWNTEHRLE L,

Ffe. USRADSIFERWVNASAY 3>V VFHEY
2— (JSO) ZsaM L. MET& U HEMMZEDEICES LT
% E3RICH % Biomedical Research and Environmental
Sciences Division @ C. Mark Ott &=, International Space
Station (ISS) Program @ Tara M. Ruttley &4, 1SS (T8
B Y —ADHBEZE U & T 5 ERERZE R : (
DI DN TER LE LT, . 3

GO DP RV PR REIANE LN /5 Luna Receiving Laboratory RN TLTe ISC O |
L. 33 31 BT NASA Ames BiZE > 2 — (ARC) %35F MV IEE TG IMEL,ES L2
L& L7z ARCICIFEZ K OFHEEMRIERMEEND ). Space Biosciences Division M David J. Smith fE1-(TZ
ML TWef2EF Lz, Science Directorate (CodeS) A5l Branch Chief ™ Marianne B. Sowa &=, Division
Chief @ Sid Sun E&. Project Scientist @ Fathi Karouia {8 ICHFE W e /2 E. ARC DRFZRMARHI®. IBIEHEL TV
BEMRFEHZEICOVNTIBND D JE LTz, EFEMIRDEFICDOLTIE. Deputy Chief D A. Christopher Maese .
Laura Lewis E5h5. FHEAITTOBRAGEICHAIVT feEEMZRRE LI RDIREIIC DOV T T T E LT
F/z. Synthetic Biology | DL\ Jonathan M. Glazka t&=& . Astrobiology (€ DULNT R. Craig Everroad 184 & 183K
RETVE Lz, TTTRNLIELANNCEZ DAL LRILS BRI T 5D D). FHEEMRF. FH
ERICEDDMEED—AL LT, EEERIZHEET 20BN BEERCORLCE LT

ARC @) Space Bioscience Division D&HEEA &
(Eh5%#E. C Maese K. L.Lewis K. D.Smith f&+)
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ozt /P JF ] siioerEsmss
okl i# ~ Andrea Christina Sylvia sk ssisg

WIEE GUEAFERBEMES - FREFV/V—) Tl REBSHZEEICDA Y 2)UNJVAI T A2 F DR
FHITODWTHRZETD>CH Y. 1SS Mars = v 3 VR LBAERIE COERRICL Y. X b L AAZEROEENZ
TV T4 —LOEREBIE LTS,

Sl HMAHNEB LIBERZD 1 DTh 5. BHPBERD AV ZIANIVAICRIETREICOWTE. TNETICE
< DRZED D Y Iwasaki #% S (B IC AN 5 72l CEERE CRRvHICE 5 LR E L T 5 (Koga and Iwasaki,
J Physiol Anthropol, 2013), 387E. F4 & Nature-based T horticultural %77 7 O—F # &5 ChH 5, T C. &

HIFEISEICE I 2FERE COBYD R b L AEHNR £ RBXITREIINENR. EBEENERN\DEI % %
Y BIcddIc. AT T —F ITH LT Nature-based rehabilitation R L TULN% 2 DDMERESFET 5T & & L,

IECHIT. AT T—7 2 KFD Patrik Grahn IR E = — 7 1 VT DR EIF DT EH CE Tz, Patrik Grahn #d%
DEPINEF Cdo % Nature-assisted therapy & ZDIGAE LTDARLX - UNEUT—2 3 VERONVX - 7
OE— 3 VDWW T DEamlE. FES RURHEZBICHSITS horticultural 727 7O—FOAERE VD R CHEE
ICERGEFEREE Oz, 5% FHEREICHIT S nature-assisted rehabilitation % RHES 3 fz & D)z 5t % B
19 B DHBMEOERZE e, HNONIEFERRKGZRMTE 20 RHNEBIAZRD TS v b7+ — L
T&H 5 Alnarp @ Biotron FERNAZEECEAHD TIEEWLHEEZ TN 5,

F2EBDI—7 1 > 7l&. Gothenburg Botanical Garden (Gothenburg. A7 T —7>/) @ Green Rehab 7
0735 LD x—T v —Cdb Eva-Lena Larsson BEETO T ENTEfe, WHIER b L ABEEDERIEZ LT
NEUT— 3 >DfedlcEREBAZER L T e, BSDMZEICIER b L ABHERRD 2D nature-assisted
rehabilitation 727 ¢/ <. BEGHBREDRA ML AEEL Y 3 VEFEN TV, INSIEERANEELTLS
FABHZERE P REAFE R ERICEIT 2 A b LARELIEENEROERDOFHEV D RUITEWVWTKRESEITLELEHD
ThdEEZ BN,

SEDFETRONIRERE 7 A 77 & ER LT, FESIUMHER ML AFZRICHIT % nature-assisted 7577
A—FOXMBICEAT HIREDAEZERE - et TLERL,

Nature-assisted rehabilitation facilities in Alnarp Rehabilitation Garden and Green Rehab
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CDE. HFMBES [FRICEETS] ORABERESZERICE Y. T AVAGRE (RA MY AV THIVIT)
ICTRRGHARE DA LIFRBPA T B TVRW DT, BRITGHERL TCORBRE CRESE TV REEXT,
B2 DHEZR TIEFHERENMEMICH KT TEHEIT OV THREROOBLEFN S1TE L NIVOREEFT > TL
9, D (1) mEiBlEOEfe. (2) FoFsfEn. (3) 22 /\7 LANVOFHE, FBEGERA > R
TUET, SEDBELETRINSICOVWTERINERTT « AA Y>3 v &EFTVE L,
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Mitochondrial dysfunction leads to ECM
breakdown in muscle cells

000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

OSurabhi Sudevan (Tohoku University)

» Background

Muscle atrophy is the loss of muscle mass or activity and is a common phenomenon in aging, long duration bed rest,

neuromuscular diseases, as well as in spaceflight. Mitochondrial dysfunction has been connected with muscle atrophy in several
studies, the exact molecular pathway is still unclear.

A study conducted by the European Space Agency found that mitochondrial alterations accompany skeletal muscle defects on
exposure to gravitational unloading (Shenkman et. al., 2002). Spaceflight experiment using C. elegans from our laboratory also
indicated that microgravity results in downregulation of several mitochondrial and muscle related genes. In addition, several
extracellular matrix (ECM) proteins, including collagen are also downregulated, indicating to the possibility that ECM may play a
role in muscle atrophy (Higashitani et. al., 2016, Microgravity). Since current reports fail to provide a clear understanding of the
role of ECM in muscle atrophy, we laid out our objectives as follows:

- To understand if mitochondrial dysfunction can directly lead to muscle atrophy

- To understand the role of Collagen (ECM component) in the regulation of muscle structure and in providing protection

against muscle atrophy

We found that treatment of wild type C. elegans with Antimycin A (an Electron Transport Chain inhibitor) leads to paralysis
as well as muscle damage. Surprisingly, overexpression of EMB-9 (Collagen V) could suppress the motility defect as well as
muscle damage (wavy myofilaments). On the other hand, similar wavy myofilaments were observed when the EMB-9 TS mutant
(g34) was kept under restrictive temperature. In addition, treatment with a Furin (Ca®* proprotein convertase) inhibitor or a
Matrix metalloproteinase (MMP) inhibitor could also rescue the muscle damage mediated by Antimycin A. We also observed
decrease in Collagen protein level as well as an increase in muscle cytoplasmic Ca”* concentration upon Antimycin A treatment,
monitored through western blot analysis and GCaMP3.35 imaging system respectively. Ryanodine receptor (RyR, Ca’* channel
on ER, unc-68 in C. elegans) mutant animals were resistant to Antimycin A treatment, indicating that the cytoplasmic Ca**
overload via RyR is essential for the muscle damage. This leads us to conclude that upon mitochondrial dysfunction, Ca**
overload mediated activation of Furin and downstream activation of MMPs leads to degradation of Collagen, which further
results in muscle atrophy. Finally, we believe that ECM plays a very important role in maintaining muscle structure and activity,

and mitochondrial dysfunction could deteriorate ECM stability in muscle cells.

As both mitochondrial dysfunction and muscle atrophy have been observed in spaceflight experiments, it would be very

interesting to see if it can be rescued with Furin inhibition. We would also like to study if calcium signaling is upregulated in

response to microgravity.
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Figure 1: Mitochondrial damage mediated by Antimycin A causes muscle defects in wild type C.
elegans (A) Quantification of muscle paralysis(upper panel) and muscle damage(lower panel) with
increasing concentrations of Antimycin A. (B) Representative image of a normal(upper panel) and
damaged(lower panel) muscle cell.
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Figure 2: Mitochondrial dysfunction directly causes muscle atrophy through ECM breakdown. In
case of mitochondrial dysfunction, there is an upregulation of intracellular calcium which leads to Furin
activation. Furin then further activates MMPs which degrade collagen, an important step leading to muscle
atrophy.
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